The detection of suboptimal effort has become crucial in clinical neuropsychological practice in order to make accurate diagnoses, prognoses, and referrals. Symptom Validity Testing (SVT) has been the most commonly utilized model for assessing effort, and frequently includes recognition memory tasks. Some conflicting views on this model purport, however, that measures of effort gathered from a recognition memory paradigm do not necessarily extend to effort in other cognitive domains and other areas of performance. The present study sought to investigate whether performance on an SVT measure, which utilizes recognition memory, the TOMM, could predict performance on other measures that do not evaluate recognition memory or just memory per se in a group of mildly traumatic brain-injured litigants. Results indicated that poor performance on the TOMM was significantly correlated with poorer performance on the WAIS-R and the HRNB-A. Further, experimental exploration of these results indicated that the overall neuropsychological performance of litigants with suboptimal effort was poorer than what is generally expected from mild TBI individuals, and was also lower than the other mild TBI examinees in the study, who were not classified by the TOMM as exhibiting suboptimal effort. These findings support the proposition that poor ଝ Portions of this Paper were presented as a poster at the 2002 annual conference of the National Academy of Neuropsychology in Miami, FL, USA.
effort as measured by recognition memory effort measures is not restricted to recognition and memory measures. In fact, in the present study it appears that a poor performance on the TOMM is predictive of a generalized poorer performance on standardized measures such as the WAIS-R and the HNRB-A. © 2004 National Academy of Neuropsychology. Published by Elsevier Ltd. All rights reserved.
Keywords: HRNB-A; WAIS-III; TOMM; Effort measures; Suboptimal effort Suboptimal effort has become a matter of prime concern in clinical neuropsychological practice, given that it is considered to be a threat to the validity of obtained test scores, accurate diagnoses and prognoses, and even accurate referrals. In recent years, multiple tests have been developed for evaluating the effort put forth by examinees during neuropsychological evaluation. It appears that effort instruments that follow the Symptom Validity Testing (SVT) model may be the most popular among neuropsychologists (Slick, Hopp, Strauss, & Spellacy, 1996) . Although easy in actuality, testing tasks that follow the SVT model may appear demanding to the examinee. Typically, an SVT presents the examinee with forced-choice recognition memory tasks. Scores on SVT measures that fall below statistical chance or an empirically determined cutoff score raise questions about the effort of the examinee under evaluation.
As previously mentioned, many of the SVT measures consist of recognition memory tasks and simply require examinees to identify previously encountered items, such as letters, numbers, pictures, etc. in the presence of a distractor. Some common SVT measures in this category are the Test of Memory Malingering (TOMM; Tombaugh, 1996) , Victoria Symptom Validity Test (VSVT; Slick et al., 1996) , Digit Memory Test (DMT; Hiscock & Hiscock, 1989) , and Portland Digit Recognition Test (PDRT; Binder, 1993) . Tombaugh (1996) has argued that poor performance on effort tests suggests that the individual may not be motivated to perform optimally on other neuropsychological measures and could be a possible malingerer (p. 19). Therefore, a logical next step in the arena of effort evaluation is the study of the prognostic validity of effort tests; in other words, do they actually forecast how well an examinee will perform on other neuropsychological measures that do not evaluate recognition memory per se? If malingering tests measure what they are purported to measure, then low effort, which may be detected by them, should also be reflected in the performance of examinees on other neuropsychological tests. Nies and Sweet (1994) stated that the use of single measures for classifying individuals as malingerers or not should be strongly avoided and that such single measures that tap only a specific area (e.g., recognition memory) may be unable to detect feigning or malingering in other areas (e.g., attentional measures or visuospatial abilities). Similarly, Slick et al. (1996) argued that SVTs, "have, for the most part, been designed to detect feigned memory impairment." In addition, through clinical practice and anecdotal reports of colleagues we came to the understanding that many lawyers, and even other neuropsychologists, also believe that measures of malingering that adopt the memory recognition paradigm may only be able to predict the level of effort placed on measures that tap the same or similar area (i.e., memory) of cognitive functioning. The logical advice then would be to use multiple measures of effort during neuropsychological evaluations for avoiding restriction of interpretation of effort tests' scores. This thinking falls in line with our beliefs and practice; however, we were curious to investigate whether or not a single SVT measure of effort that follows the recognition memory paradigm, the TOMM, could forecast general performance patterns on measures that are commonly used by neuropsychologists and are not measuring memory or recognition per se.
The TOMM has received ample attention in recent years. It is a 50-item forced-choice test that follows the SVT model and requires from examinees to identify previously viewed pictures when among distractors in three separate test trials; namely, Trial 1, Trial 2, and Retention Trial. The TOMM was shown to be insensitive to demographic and other individual variables such as age (Constantinou & McCaffrey, 2003; Tombaugh, 1996) , education (Constantinou & McCaffrey, 2003) , Traumatic Brain Injury (TBI) and dementia (Tombaugh, 1996) , anxiety (Ashendorf, Constantinou, & McCaffrey, 2004) , and depression (Ashendorf et al., 2004; Rees, Tombaugh, & Boulay, 2001 ). However, it was shown to be sensitive to suboptimal effort and symptom exaggeration (Rees, Tombaugh, Gansler, & Moczynski, 1998; Tombaugh, 1996) . Tombaugh (1996, p. 19) suggested that scores that fall below the empirically determined cutoff score of 45 (out of a total of 50) on Trial 2 or the Retention Trial of the TOMM "question a person's effort to perform well on other tests and should raise concerns regarding the validity of scores from these tests."
In order to investigate whether or not the TOMM could forecast general performance patterns on measures that are commonly used by neuropsychologists, and are not measuring recognition memory per se, the present study examined the strength and direction of association between scores on the TOMM and general performance patterns on the WAIS-R (Wechsler, 1981) and Halstead-Reitan Neuropsychological Battery for Adults (HRNB-A; Reitan & Wolfson, 1993) . Archival data from 69 litigants with mild TBI were analyzed. Based on our experiences with patients exhibiting insufficient effort we expected to observe that underperformance on the TOMM would be indicative of a "blanket" poorer performance on other measures, in this case WAIS-R scores and HNRB-A summary indices.
Method

Participants
Scores and demographic information were extracted from archival data on 69 (36 women and 33 men) litigants with mild TBI-as previously diagnosed at medical settings-who were referred to two different private practices for neuropsychological evaluation. Aside from the severity of the brain injury, general demographics, and test scores, no other information was accessible by the experimenters. The majority of the sample sustained TBI by being involved in a motor vehicle accident, although several litigants were injured at work-related accidents. The ages of the 69 litigants ranged from 18 to 72, M = 42.41, S.D. = 12.45. Their education level ranged from seven to 22 years of, M = 12.96, S.D. = 2.61.
Material
As parts of a larger neuropsychological battery, all 69 litigants were administered the HRNB-A, the WAIS-R, and the TOMM. They were all administered the first two trials of the TOMM; however, as the TOMM manual dictates, only individuals with a score lower than 45 on Trial 2 were administered the Retention Trial.
Procedure
After receiving Institutional Review Board approval, TOMM-related data and the following WAIS-R data were extracted from each of the files: Verbal IQ (VIQ), Performance IQ (PIQ), Full Scale IQ (FSIQ), and scaled scores on each of the subscales of the test. In addition, the following HRNB-A summary indices were collected: the General Neuropsychological Deficit Scale (GNDS) and the Halstead Impairment Index (HII). The reason for including both HII and GNDS in the study is that in the past there has been disagreement over which of the two indices is more sensitive to brain damage (Horton & Sobelman, 1994; Oestreicher & O'Donnell, 1995) . The GNDS is purported to be a comprehensive summary score of neuropsychological deficits (Reitan & Wolfson, 1993) . GNDS scores above 68 are related to severe neuropsychological deficits, while GNDS scores in the range of 41-67, 26-40, and 0-25 are related to moderate, mild, and minimal-to-none deficits, respectively (Reitan & Wolfson, 1993) . The HII is also a global score that depicts the proportion of an examinee's test scores that fall within the range of scores of brain-damaged patients (Reitan & Wolfson, 1993) . Obtained HII scores range from 0 to 1, whereas 0 depicts no impairment and 1 depicts the highest level of impairment; any HII score above 0.5 is suggestive of significant neuropsychological impairment (Reitan & Wolfson, 1993) . For more details on these HRNB-A scores and indices please refer to Reitan and Wolfson (1993) .
Results
Descriptive statistics for the whole group (N = 69)
The mean FSIQ score of the whole group was 91.45, S.D. = 14.68; FSIQ scores ranged from 61.00 to 129.00. The VIQ of the group ranged from 65 to 122, M = 91.94, S.D. = 13.87, while the PIQ of the group ranged from 62.00 to 135.00, M = 92.45, S.D. = 15.92.
The group's HII ranged from 0.00 to 1.00 and the mean HII was 0.62 (S.D. = 0.30), which suggests that the group, in general, was significantly neuropsychologically impaired (Reitan & Wolfson, 1993, p. 92) . The group's GNDS ranged from 17.00 to 71.00, while the mean GNDS was 36.31 (S.D. = 14.46), which falls within the mild level of impairment (Reitan & Wolfson, 1993, p. 363) and is consistent with the medical diagnosis of mild TBI in all 69 litigants.
Scores of the entire sample (N = 69) on Trial 1 of the TOMM ranged from 15 to 50 with a mean equal to 39.70, S.D. = 9.98. Scores on Trial 2 of the TOMM ranged from 13 to 50, M = 43.22, S.D. = 9.76. Twenty-two of the litigants scored below 45 on Trial 2 of the TOMM (M = 32.73, S.D. = 8.93, range = 14-44) and were, therefore, administered the Retention Trial of the TOMM. None of these 22 clients scored above 45 on the Retention Trial of the TOMM; therefore, further analyses were only based on clients' performance on Trial 2 of the TOMM.
Parametric statistics
The magnitude and direction of the relationships between performance on Trial 2 of the TOMM and WAIS-R and HRNB-A indices were examined by computing a series of bivariate Pearson r coefficients. After employing the Bonferroni correction for controlling for Type 1 error, the significance of these correlations was evaluated at the 0.05/number-of-pairwise comparisons (npc) level. The results indicated that Trial 2 of the TOMM was significantly associated with the overall pattern of performance on the HRNB-A and the WAIS-R. Specifically, poor performance on Trial 2 of the TOMM was associated with decreased VIQ, PIQ, FSIQ scores and decreased performance on WAIS-R subtests (see Table 1 ). In addition, it was found that decreased TOMM performance was associated with higher measured impairment on the HRNB-A summary indices; namely HII and GNDS (see Table 1 ). Along with the correlation coefficients, Table 1 presents the variance in the WAIS-R scores and HRNB indices that is explained by their relationship with Trial 2 of the TOMM scores (r 2 ). To further assess the relationship between Trial 2 of the TOMM scores and WAIS-R and HRNB performances, the litigants were divided into two groups according to their scores on Trial 2 of the TOMM. The Optimal Effort (OE) group consisted of 47 clients that scored above 45 (including 45) on Trial 2 of the TOMM (M = 48.77, S.D. = 1.73, range = 45-50). The Suboptimal Effort (SE) group was composed of 22 clients that scored below 45 on Trial 2 (M = 31.36, S.D. = 9.28, range = 13-44). The two groups did not differ with respect to age, Note. η 2 < 0.06, small effect size; 0.06 ≤ η 2 < 0.14, medium effect size; η 2 ≥ 0.14, large effect size. * P is significant at the .05/npc-1 (npc, number of pairwise comparisons) level.
educational level, or proportion of males to females. Considering that they all scored below 45 on Trial 2 of the TOMM, the 22 members of SE were administered the Retention Trial of the TOMM; however, none scored above 45.
The two subgroups, OE and SE, were compared with respect to their performance on WAIS-R and HRNB-A. A series of t-tests were conducted with subgroup affiliation (OE or SE) serving as the Independent Variable and performance indices and scores on the HRNB-A and WAIS-R (total of 16 variables) serving as the Dependent Variables. Due to the large number of pairwise comparisons the significance of the t-tests was evaluated after employing Holm's Sequential Bonferroni method (modified Bonferroni) for control of Type 1 error. Therefore, each pairwise comparison was evaluated at the 0.05 /npc-1 level. As Table 2 presents, OE exhibited higher cognitive functioning and was less impaired than SE on both WAIS-R and HRNB-A.
The mean FSIQ, VIQ, PIQ scores of OE subgroup deviated from the general population's normative mean IQ (M = 100) only by a third of a standard deviation, z = −0.32, −0.36, −0.19, respectively. In contrast, the mean FSIQ, VIQ, and PIQ scores of SE deviated more than a standard deviation from the population mean, z = −1.42, −1.21, −1.35, respectively. About 20% (10/47) of OE and 70% (15/22) of SE had FSIQ scores that fell below one standard deviation (z ≥ −1) from the normative mean of the general population (M = 100). Furthermore, even though all the litigants were classified as mildly brain-injured, SE was found to have a mean GNDS score that was indicative of a significantly higher level of neuropsychological impairment than OE on GNDS and HII (see Table 2 ). GNDS scores above 40 suggest higher than mild neuropsychological impairment (Reitan & Wolfson, 1993) . However, about 80% (18/22) of SE had a GNDS score above 40, whereas only about 20% (10/47) of the OE group had a GNDS score above 40.
In order to evaluate which measures were most influenced by subgroup affiliation, effect size estimates (η 2 ) for each significant pairwise comparison were computed (see Table 2 ). Basing the evaluations of each of the effect sizes on the traditional assumption that η 2 of 0.01, 0.06, and 0.14 represent small, medium, and large effect sizes, respectively (Green, Salkind, & Akey, 2000) , it was found that subgroup affiliation had a medium-to-large effect on all of the composite scores of WAIS-R and HRNB-A (see Table 2 ).
Discussion
The present study sought to determine whether or not poor performance (<45) on the TOMM is a marker of generalized poor effort on neuropsychological measures that do not measure recognition memory or memory per se. Correlational analyses demonstrated that poor performance on Trial 2 of the TOMM (<45) was significantly associated with a generalized poorer performance on the WAIS-R and HRNB-A. When these significant relationships were further explored experimentally, it was demonstrated that the general neuropsychological performance of litigants characterized with suboptimal effort (SE), as suggested by their scores on Trial 2 of the TOMM, was found to be (a) more suppressed than is generally expected from individuals who sustained mild TBI and (b) significantly lower than their OE counterparts. Tombaugh (1996, pp. 33-44) reported that TOMM performance appeared to be "immunized" to dementia, varying degrees of TBI, and other severe cognitive impairment. Therefore, we should have expected that most, if not all, of the mildly head injured litigants of the present study would perform above 45 on Trial 2 or the Retention Trial of the TOMM. Certainly, this was not the case in the present study, where about 30% of the litigants obtained a Trial 2 TOMM score that fell below the empirically determined cutoff score of 45.
The results of this study indicate that a litigant's performance on the TOMM is a good marker of how well they are likely to perform on other neuropsychological tests that are not recognition or memory measures per se. In addition, it appears that GNDS was more sensitive to suboptimal effort than the other indices examined. This is based upon two findings: (a) the strongest correlation was the one between Trial 2 of the TOMM and the GNDS (r = .69; r 2 = .47) and (b) the largest effect size of subgroup affiliation (OE vs. SE) was with GNDS (η 2 = 0.40). Finally, although a large number of the litigants (∼30%) were classified as exhibiting suboptimal effort, the majority of the litigants (∼70%) appeared to exert optimal effort during the neuropsychological evaluation. Past studies agree with the present base rate of about 30%. For example, Binder (1992) suggested that about 25% of individuals with monetary incentives tend to exhibit suboptimal effort on neuropsychological assessments. Similarly, Binder and Kelly (1996) found that about 30% of their sample of mildly brain-injured litigants were exhibiting poor effort.
Overall, the findings of the present study do not agree with Nies and Sweet (1994) and Slick et al. (1996) . It is clear from the data presented that litigants who perform suboptimally on tests of effort, which employ memory recognition tasks, also perform poorly on other neuropsychological tests that may or may not assess memory or recognition memory per se. Of course these findings should be cross-validated with other, than mildly brain-injured litigants, neurologically impaired populations in order to increase the confidence of the present findings.
In closing, the present study does not suggest that suboptimal effort should be evaluated with a single effort measure. The present study was an investigation geared towards determining whether or not a recognition memory SVT measure, the TOMM, could forecast the level of effort of litigants with diagnosed mild TBI on other neuropsychological measures. Therefore, it is still recommended that neuropsychological evaluations should include more than one effort instrument in order to be more confident in conclusions drawn about suboptimal effort.
